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Lezione 17 

Fase effettrice delle 
risposte immuni: 
la risposta cellulo mediata 



Cytokines (signal 3) cause CÙ4* T cells to 
acquire one of several f unctions 



Signal 3 delivered by antigen-presenting celi 




FoxP3 Bd6 ROR-yT T-bet GATA3 
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TGF-0, IL- 10 IL-21,ICOS IL-6, IL-17 IL-2, IFN-7 IL-4, IL-5 

T reg cells T FH cells T H 17 cells T H 1 cells T H 2 cells 
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T celi cytokines 



CD8 T cells: 
peptide + MHC class 1 








CD41 
peptide + 


cells: 

l/IHC class II 








Cytotoxic (k 


iller) T cells 




T H 2 cells 
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molecules 




Macrophage- 
molecules 
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activating 


Others 
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Suppressive 
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CXCL2 (GR03) 


CD40lìsand 


TGF-P 
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•Macrophages and neutrophils can kill most bacteria without the 

help of antibodies or T H 1 cells. 

•Antibodies serve as opsonins to aid in phagocytosis 

•T H 1 provide IFN-y to activate macrophages 

•Certain bacteria, such as Mycobacterium tuberculosis and M. laprae 
can live in macrophage vesicles. T H 1 helps lysosomes fuse with 
vesicles containi ng bacteria . 



Macrophages 
activation by T H 1 
requires IFN-y 
and CD40L 




Macrophage activation by T H 1 requires IFN-y and CD40L 

•IFN-y from the T H 1 or from 
CTL Therefore, IFN-y is 
characteristic of cell- 
mediated immunity (CMI) 

•IFN-y increases macrophage 
expression of CD40 

•LPS and other bacterial 
products make macrophage 
more responsive to IFN-y 

•IL-10 inhibits macrophages 

T H 1 does not store IFN-y so it must synthesize it upon contact with 
nacrophage. It may take hours to make the IFN and to activate the 
nacrophage. The T H 1 celi stays engaged with the macrophage for the 
sntire process. 

There is some bystander activation but mostly one T H 1 on one 
nacrophage. 
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Activation of 
macrophages 



Responses of 
activated macrophages 



Enhanced killing 
of phagocytosed 
bacteria 




Secretion 
f inflammatory 
cytokines 



Increased expression 
of molecules 
required for 
T celi activation 



Macrophage response 



Role in cell-mediated immunity 



Production of reactive oxygen 
species, nitric oxide, increased 
lysosomal enzymes 


Killing of microbes in phagolysosomes (effector 
function of macrophages) 


Secretion of cytokines 
(TNF, IL-1, IL-12) 
and chemokines 


TNF, IL-1 , chemokines: leukocyte recruitment 
(inflammation) 

IL-12: T H 1 differentiation, IFN-v production 


Increased expression of B7 
costimulators, MHC molecules 


Increased T celi activation (amplification of 
T celi response) 



T H 1 effector mechanisms 



Activated T H 1 celi 



IFN-y and CD40 


Fas ligand or IT-p 


IL-2 


IL-3 + GM-CSF 


TNF-a + LT-a 


CXCL2 
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diapedesis 
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Activates 
macrophage 


Kills chronically 
infected cells, 
releasing bacteria 
to be destroyed by 
fresh macrophages 


Induces T-cell 
of effector ceMs 


Induces macrophage 
differentiation 


endothelium to 

binding and^xH 
from blood vessel at 


Causes 
macrophages to 

of infection 



Delayed type-hypersensitivity (DTH) 
Ipersensibilità di tipo ritardato 



pnmary ' ffi 

infection or [[ JntL 



Purified Protein Derivative (PPD) of 
Mycobacterium tubercolosis 





as et al: Cellular and Molecular Immunology, Updated 6Iti Editic 



When the macrophage cannot kill intracellular bacteria 
(or there is chronic inflammation from an agent that 
cannot be removed) a granuloma may f orm 




Tuberculosis granulomas 




X-ray showing a very early case of 
tuberculosis. The arrow points to a 
single node of infection in the right 
(your left) upper portion of the 
lung. 



X-ray showing a far advanced 
case of pulmonary TB. Infection 
is widespread throughout both 
sides of the lung, seen as fuzzy 
white abnormalities in this x-ray. 



Actions of TH2 cells 




Mast celi | 
degranulationj 


Intestinal mucus 
secretion and 
peristalsis 


1 
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Classically activated 
macrophage (M1) 



Alternatively activated 
macrophage (M2) 




ROS, NO, 
lysosomal enzymes 



IL-1, IL-12. IL-23, 
chemokines 



Microbicidal 
actions: 
phagocytosis and 

killing of many 
bacteria and fungi 



Infiammatici 



IL-10, 
TGF-p 

\ 


Proline 
Dolyamines, 
TGF-p 


Anti-inflammatory 
effects 


Wound 
repair, 
fibrosis 





Alternative macrophage activation 





TH1 versus TH2 Balance 

Disease TH1 TH2 

Experimental Cure Progression 
Leishmaniasis 

Experimental autoimmuneProgression Prevention 
encephalomyelitis 

Tuberculosis Cure/Prevention Progression 

Atopy Prevention? Progression 

Type 1 Diabetes (NOD) Progression Prevention 



THl and TH2 dif f erentiation occurs later and suppress generation of 
Treg and TH17 f rom naive T lymphocytes 



Activated T H 2 cells secrete 
TGF-p and IL-10 


T r6g cells suppress the activation 
and development of naive T cells 


Activated T H 1 cells 
secrete IFN-7 


Ql ■< 

— 
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TGF-p TGF-p 
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IL-10 and TGF-p act to inhibit 
activation and growth of T H 1 cells 


IL-4 or IFN-7 can inhibit 
development of T H 17 cells 


IFN-7 acts on T H 2 cells to 
inhibit proliferation 




IL-4 f*H 

@ 

ROR 7 t 


IFN-y 
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Riarrangiamento dei geni delle immunoglobuline e stadi maturativi 











Stem celi 


Early pro-B 
celi 


cèn 


Large pre-B 
celi 


Small pre-B 
celi 


Immature 
Bcell 


Mature 
Bcell 


(Q) 






pre-B 
receptor -k 




IgM 

[è 


IgD IgM 
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H-chain 


Germline 


D-J 
rearranging 


V-DJ 
rearranging 


VDJ 


VDJ 


VDJ 


VDJ 


L-chain 


Germline 


Germline 


Germline 


Germline 


V-J 


VJ 


VJ 


Surface Ig 


Absent 


Absent 


Absent 


(jl chain 
transiently at 
surface as part 
of pre-B-cell 
receptor. 

intracellular 


Intracellular 


IgM 
expressed 
on celi surface 


IgD and IgM 

alternatively 
spliced H-chain 
transcripts 







Non esiste il meccanismo di 
revisione del BCR e 
recupero dei linfociti B 
per i linfociti maturi: solo 
apoptosi se riconoscono self 



Open repertoire of mature B cells. 
Tolerance induction 



Blood and set 
lymphoid tissues 



Additional tolerance induction. 
Self-tolerant immature B cells 
and anergized B cells 



No positive selection: B cells 
fail to enter lymphoid follicles 



B cells have a half-life 
of about 3 days 



Segnali di sopravvivenza per i linfociti B 

1. BAFF= B celi activating factor belonging to the TNF 
family 

2. Segnale tonico proveniente da BCR e syk 



5-10% delle cellule 
B totali è prodotto 
ogni giorno 



Positive selection: B cells 
successfully enter lymphoid follicles 



Long-lived mature 
recirculating naive B cells 
(half-life about 3-8 weeks) 



Stimulation by antigen 



Longer-lived mature recirculating 
memory B cells. Express high affinity 
IgG, IgA, or IgE 




Mucosal 
tissues. 
peritoneal 
cavity 



_>^ JgD Prolein antigen 

Germinai center 

j^mLJ Polysaccharides, lipids, etc. 

Margine^* OOOO 
zone B cells 

^^■k^ Polysaccharides. lipids, etc. 

: fHLJpCD5 

~ ::UIU -ODDO 

B-1 B cells 

Abbas et al: Cellular and Molecular Immunology, 7e. 



T-dependent, 
isotype-switched, 
high-affinity 
antibodies; 
long-lived 
plasma cells 



IgG IgA IgE 

ir 4 - f *Jr 





T-independent, 


ss 


mainly IgM; 




short-lived 




plasma cells 







T-independent, 
mainly IgM; 
short-lived 
plasma cells 




f 



Property 


B-1 cells 


Conventional 
B-2 cells 


Marginai zone 
B cells 


When first produced 


Fetus 


After birth 




N-regions in VDJ junctions 




Extensive 




V-region repertoire 


Restricted 


Diverse 


Partly restricted 


Primary location 


1 Body cavities 
(peritoneal, pleural) 


Secondary 
| lymphoid organs | 


Spleen 


Mode of renewal 


Self-renewing 


Replaced from 


Long-lived 


Spontaneous production 
of immunoglobulin 


High 






Isotypes secreted 


IgM » IgG 


IgG > IgM 


IgM > IgG 


Response to 
carbohydrate antigen 




Maybe 


Yes 


Response to protein antigen 




Yes 


Yes 


Requirement for T-cell help 


No 




Sometimes 


Somatic hypermutation 


Low to none 


High 


? 


Memory development 






? 



's Immunobiology, 8ed. (C 
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Riepilogo degli eventi che seguono all'attivazione dei linfociti B maturi 



Recognition 
phase 



Activation phase: B celi 
proliferation and differentiation 



Clonai 
expansion 



Resting Activated <v" 



Resting 
IgM* IgD' 
mature B celi 



High-affinity Ig- ' ^ 
expressing B celi - 



>r l9 

4. 



-^-High- 



Isotype 
switching 



Affinity 
maturation 



Eventi indotti dall'attivazione del BCR e corecettore 



A »K n SL to Activation of Chan 9 es in 

and cross-linking D . . ^ . D ?.. 

of membrane Ig B lymphocytes 




• Increased survival 

• Proliferation 



Increased expression 
of B7-1/B7-2 



Increased expression 
of cytokine receptors 
(e.g., IL-4 receptors, 
BAFF-R) 



Increased expression 
of CCR7 and 
migration from 

follicle to T celi areas 




Incontro tra linfociti B e T specifici per lo stesso antigene 
avviene nelle aree T della milza 




by Saunders, an imprint of Elsevier Inc. 



Incontro tra linfociti B e T specifici per lo stesso antigene 
avviene nelle aree T del linfonodo 



Antigen 
presentation; 
T celi activation 



CORTI, 

CXCR5f and B cells present 

migration of antigen to 

activated activated helper 

T cells to edge T cells 

of follicle 



Antigen uptake and 
processing; B celi activation; 
CCR7tand migration of 
activated B cells 
to edge of follicle 




B celi zone 
T celi zone (primary follicle) 
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Nell'uomo: IL-4 - IgE e Ig&4; 



=nQ=nQ=nQ n O n lZt n CI : : 



=EiQ==nQ= II lZHZHZt II lZl = : 



=°l I " I l=°l H N l a B =: 





Role of cytokines in regulating expression of antibody classes 


Cytokines 


IgM 


lgG3 


IgGl 


lgG2b 


lgG2a 


IgE 


IgA 


IL-4 


Inhibits 


Inhibits 












IL-5 














Augments 
production 


IFN-7 
















TGF-p 








Induces 






Induces 



Only B cells with high- 
affinity antigen receptors 
are selected ti 



Only B cells 

iffinity antigen receptors JlCÌ£ 



encounter antigen 
follicula ' 



B cells with ' IL L f 



Ig V genes and 
Igs with varying 



4* 

r * 



Selezione dei linfociti B nel centro germinativo 

# *4 ♦ 



Schematic representation of a follicle 
with a germinai center 



-ss* 



Cyclic reentry of cells into the dark zone 
is dependent on reexpression of CXCR4 
on centrocytes 




f» Manti ftitnwMH 
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Property 




Intrinsic 


Inducible 


B-lineage celi 


Surface Ig 


Surface 
MHC 
class II 


High-rate 

■g 

secretion 


Growth 


Somatic 
hyper- 
mutation 


Class 
switch 


Resting B celi 


High 


Yes 


No 


Yes 


Yes 


Yes 


Plasmablast 


High 


Yes 


Yes 


Yes 


Unknown 


Yes 


Plasma celi 


Low 


No 


Yes 


No 


No 


No 



e CXCR5; > CXCR4 e integrine a4pl 




Low-level 
antibody 
.production 

Long-lived 

i plasma cells | Memory 
Bcell 




Secondary response 



Peak response 


Smaller 


Larger 


Antibody isotype 


Usually IgM > IgG 


Relative increase in IgG and. 
IgA or IgE 


Antibody affinity 


Lower average affinity. 
more variable 


Higher average affinity 
(affinity maturation) 


Induced by 


AH immunogens 


Only protein antigens 



Abbas et al: Cellular ari 



!cular Immunology, 7e. 



1, 1994, 1991 by Saunders, an imprint of 



Diversi tipi di antigene 

Table 10-2. Properties of Thymus-Dependent and Thymus-lndependent Antigens 





Thymus-dependent antigen 


Thymus-independent antigen 


Chemical 
nature 




Polymeric antigens, 
especially polysaccharides; 
also glycolipids. nucleic acids 

oooo 


Features of 

anitbody 

response 




Isotype 
switchlng 


IgM 


Little or no: may be some IgG 
IgM 


Affinity 
maturation 


Yes 


No 


Secondary 
response 
(memory 
Bcells) 


Yes 


Only seen wfth 
some antigens 
(e.g., polysaccharides) 



Antigeni timo-indipendenti: TI 




High concentration of TI-1 antigen 












00(909 






Polyclonal B-cell activation; 
nonspecific antibody response 








Low concentration of TI-1 antigen 












00000 

hj* ******** 






TI-1 antigen-specific antibody response 
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Regolazione negativa dell'attivazione dei linfociti B 



Secreted antibody 
forms complex 
with antigen 



Antigen- antibody 
complex binds to 
B celi Ig and 
Fc receptor 



Fc receptor-associatec 
phosphatase. SHIP. 
converts PIP3 to PIP2 
in B cell-receptor 
complex 
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